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(57)  Systems and methods for simultaneous vapor
and liquid injection for a transport climate control system
are provided. The system includes a compressor (210),
a condenser having a condensing unit (220) and a
sub-cooling unit (320), a receiver (230), an economizer
(330) having a vapor outlet and a liquid outlet, a controller
(350), and a flow control device (340). The receiver is
disposed downstream of the condensing unit and up-
stream of the sub-cooling unit. The economizer is dis-
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posed downstream of the sub-cooling unit. The compres-
sor includes a suction port (211), a vapor injection port
(214) connected to the vapor outlet of the economizer,
and a liquid injection port (213) separated from the vapor
injection port. The controller is configured to control the
flow control device to adjust an amount of liquid refriger-
ant into the liquid injection port to maintain a discharge
temperature of the compressor at or below a threshold.
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Description
FIELD
[0001] This disclosure relates generally to simultane-

ous vapor and liquid injection control for a transport cli-
mate control system (TCCS). More specifically, the dis-
closure relates to systems and methods for simultaneous
vapor and liquid injection control fora TCCS, forexample,
to maintain a desired discharge temperature.

BACKGROUND

[0002] A TCCS can include, for example, a transport
refrigeration system (TRS) and/or a heating, ventilation
and air conditioning (HVAC) system including heat
pump(s) (e.g., low temperature heat pump(s) or the like).
A TRS having a transport refrigeration unit (TRU) is gen-
erally used to control an environmental condition (e.g.,
temperature, humidity, air quality, and the like) within a
cargo space of a transport unit (e.g., a truck, a container
(suchasacontaineron aflat car, anintermodal container,
etc.), a box car, a semi-tractor, a bus, or other similar
transport unit). The TRS can maintain environmental
condition(s) of the cargo space to maintain cargo (e.g.,
produce, frozen foods, pharmaceuticals, etc.).

SUMMARY

[0003] This disclosure relates generally to simultane-
ous vapor and liquid injection control for a TCCS. More
specifically, the disclosure relates to systems and meth-
ods for simultaneous vapor and liquid injection control
fora TCCS, for example, to maintain a desired discharge
temperature.

[0004] Industrial regulations may require the TCCS to
meet certain standards including global warming stand-
ards. Refrigerants with lower global warming potential
(GWP) (e.g., R454A, R454C, or the like, with a GWP
lowerthan e.g., 150 or the like) are typically desired. How-
ever, such refrigerants may have a high heat of compres-
sion (e.g., when a value of a heat capacity ratio, which
is represented by heat capacity at constant pressure /
heat capacity at constant volume, can be at, about, or
more than 1.1), leading to a high discharge temperature
(e.g., about or less than 150 Celsius degrees).

[0005] AZ2L refrigerants (e.g., R454A, R454C, or the
like) may have higher heat of compression which gives
higher discharge temperature compared to refrigerants
such as R404A, R452A, or the like. As such, for A2L
refrigerants, a much larger operating area may need lig-
uid injection besides vapor injection, and separating the
vapor and liquid injection ports can lower energy con-
sumption relative to the refrigeration capacity. It will be
appreciated that A2L refrigerants are a class of refriger-
ants that have a specified range of toxicity and flamma-
bility according to the American Society of Heating, Re-
frigeration, and Air Conditioning Engineers (ASHRAE)
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Standard.

[0006] Embodiments disclosed herein can be used for
hermetic or semi-hermetic scroll compressors or the like,
or any suitable compressors (e.g., positive displacement
compressors) with built-in volume ratio such as scroll and
screw compressors and other rotary compressors, in-
cluding open, hermetic, and semi-hermetic compressors.
Embodiments disclosed herein can be used with refrig-
erants including one or more of R452A, R404A, R454A,
R454C, R449A, R449C, R448A, R448B, R134a, R513A,
R1234yf, R515B, or the like. Embodiments disclosed
herein can also be used with lubricants such as polyvinyl
ether (PVE), polyolester (POE), or the like.

[0007] Embodiments disclosed herein can help to
maintain a discharge temperature below a desired
threshold level. Embodiments disclosed herein can also
prevent reduced vapor injection mass flow and thus pre-
vent reduction of sub-cooling capability of the refrigerant
flowing through the evaporator which can result in re-
duced refrigeration capacity of the evaporator. Embodi-
ments disclosed herein can further help to achieve as
wide a compressor operating envelope as possible within
the mechanical design limits or applicable standards.
[0008] In an embodiment, a transport climate control
system with simultaneous vapor and liquid injection is
provided. The systemincludes a compressor, a condens-
er having a condensing unit and a sub-cooling unit, a
receiver, an economizer having a vapor outlet and a liquid
outlet, a controller, and a flow control device. The receiver
is disposed downstream of the condensing unit and up-
stream of the sub-cooling unit. The economizer is dis-
posed downstream of the sub-cooling unit. The compres-
sor includes a suction port, a vapor injection port con-
nected to the vapor outlet of the economizer, and a liquid
injection port separated from the vapor injection port. The
controller is configured to control the flow control device
to adjust an amount of liquid refrigerant into the liquid
injection port to maintain a discharge temperature of the
compressor at or below a threshold.

[0009] In an embodiment, a method for simultaneous
vapor and liquid injection for a transport climate control
system is provided. The system including a compressor,
a condenser having a condensing unit and a sub-cooling
unit, a receiver, an economizer having a vapor outlet and
aliquid outlet, a controller, and a flow control device. The
receiver is disposed downstream of the condensing unit
and upstream of the sub-cooling unit. The economizer is
disposed downstream of the sub-cooling unit. The com-
pressor includes a suction port, a vapor injection port
connected to the vapor outlet of the economizer, and a
liquid injection port separated from the vapor injection
port. The method includes controlling the flow control de-
vice to adjust an amount of liquid refrigerant into the liquid
injection port, and maintaining a discharge temperature
of the compressor at or below a threshold.

[0010] Other features and aspects will become appar-
ent by consideration of the following detailed description
and accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] References are made to the accompanying
drawings that form a part of this disclosure and which
illustrate the embodiments in which systems and meth-
ods described in this specification can be practiced.

Fig. 1A illustrates a schematic cross sectional side
view of a refrigerated transport unit with a multi-temp
transport refrigeration system (MTRS), according to
an embodiment.

Fig. 1B illustrates a perspective view of a vehicle with
an APU, according to an embodiment.

Fig. 1C illustrates a side view of a truck with a front
wall mounted vehicle powered transport refrigeration
unit, according to an embodiment.

Figs. 2-6 illustrate schematic views of refrigeration
circuits, according to some embodiments.

Fig. 7 illustrates volume curves of the compressor
of Figs. 5 and 6, according to an embodiment.

Fig. 8 illustrates a pressure-enthalpy diagram (log
P/h diagram) of a compressor having a liquid injec-
tion port, according to an embodiment.

Fig. 9 is a flow chart illustrating a method for simul-
taneous vapor and liquid injection control for a trans-
port climate control system, according to an embod-
iment.

[0012] Like reference numbers represent like parts
throughout.

DETAILED DESCRIPTION

[0013] This disclosure relates generally to simultane-
ous vapor and liquid injection control for a TCCS. More
specifically, the disclosure relates to systems and meth-
ods for simultaneous vapor and liquid injection control
fora TCCS, for example, to maintain a desired discharge
temperature.

[0014] Asdefined herein, the phrase "heat of compres-
sion" may refer to a basic inefficiency of compressed air
or gas with regard to energy used to compress it com-
pared to work energy actually delivered. "Heat of com-
pression" may also refer to temperature rise even atisen-
tropic compression. In an embodiment, the heat of com-
pression can be determined or represented by Cp/Cv for
a given pressure. The Cp/Cv ratio can be referred to as
a heat capacity ratio. It will be appreciated that in ther-
modynamics, the heat capacity ratio can be the adiabatic
index. For example, the heat capacity ratio = Cp/Cv =
heat capacity at constant pressure / heat capacity at con-
stant volume. Embodiments disclosed herein can pro-
vide simultaneous vapor and liquid injection control to
maintain the discharge temperature, the Cp/Cv ratio, and
the heat capacity ratio.

[0015] As defined herein, the phrase "receiver" or "re-
ceiver tank" may refer to a storage vessel designed to
hold excess fluid at some conditions (e.g., refrigerant or
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the like) that is not in circulation. In some embodiments,
refrigeration systems exposed to varying loads (heat or
cool or the like), or systems utilizing a condenser flooding
valve to maintain a minimum head pressure during low
ambient temperatures, may need a receiver to store ex-
cess refrigerant.

[0016] As defined herein, the phrase "upstream" may
referto an opposite direction from thatin which refrigerant
flows. The phrase "downstream" may refer to the direc-
tion in which refrigerant flows.

[0017] As defined herein, the phrase "superheat" may
refer to a measurement of a temperature when a vapor
(e.g., refrigerant) is above its dew point.

[0018] As defined herein, the phrase "overall built-in
volume ratio" may refer to a ratio of volume inside a com-
pressor when the suction opening of the compressor
closes, divided by the volume inside the compressor just
as the discharge opening opens.

[0019] Fig. 1A illustrates one embodiment of a MTRS
100 for a transport unit (TU) 125 that can be towed, for
example, by a tractor (not shown). The MTRS 100 in-
cludes a TRU 110 that provides environmental control
(e.g. temperature, humidity, air quality, etc.) within an
internal space 150 of the TU 125. The MTRS 100 also
includes a MTRS controller 170 and one or more sensors
that are configured to measure one or more parameters
(e.g., ambient temperature, compressor suction pres-
sure, compressor discharge pressure, supply air temper-
ature, return air temperature, humidity, etc.) of the MTRS
100 and communicate parameter data to the MTRS con-
troller 170. The MTRS 100 is powered by a power module
112. The TRU 110 is disposed on a front wall 130 of the
TU 125. In other embodiments, it will be appreciated that
the TRU 110 can be disposed, for example, on a rooftop
126 or another wall of the TU 125.

[0020] In some embodiments, the MTRS 100 can in-
clude an undermount unit 113. In some embodiments,
the undermount unit 113 can be a TRU that can also
provide environmental control (e.g. temperature, humid-
ity, air quality, etc.) within the internal space 150 of the
TU 125. The undermount unit 113 can work in combina-
tion with the TRU 110 to provide redundancy or can re-
place the TRU 110. Also, in some embodiments, the un-
dermount unit 113 can be a power module that includes,
for example, a generator that can help power the TRU
110.

[0021] It will be appreciated that in the embodiments
disclosed herein, the transport refrigeration unit and/or
the power unit can be front mounted, under-mounted, a
combination thereof, or the like. The system can include
an alternator, a generator, or both. The compressor can
be an AC compressor or a DC compressor. The com-
pressor can also be a hermetic compressor or a semi-
hermetic compressor.

[0022] The programmable MTRS Controller 170 may
comprise a single integrated control unit or may comprise
a distributed network of TRS control elements. The
number of distributed control elements in a given network
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can depend upon the particular application of the princi-
ples described herein. The MTRS controller 170 is con-
figured to control operation of the MTRS 100.

[0023] As shown in Fig. 1A, the power module 112 is
disposedinthe TRU 110. In otherembodiments, the pow-
ermodule 1 12 can be separate from the TRU 110. Also,
in some embodiments, the power module 112 can in-
clude two or more different power sources disposed with-
in or outside of the TRU 110. In some embodiments, the
power module 112 can include one or more of a prime
mover, a battery, an alternator, a generator, a solar panel,
afuel cell, etc. Also, the prime mover can be a combustion
engine or a microturbine engine and can operate as a
two speed prime mover, a variable speed prime mover,
etc. The power module 112 can provide power to, for
example, the MTRS Controller 170, a compressor (not
shown), a plurality of DC (Direct Current) components
(not shown), a power management unit (not shown), etc.
The DC components can be accessories or components
of the MTRS 100 that require DC power to operate. Ex-
amples of the DC components can include, for example,
DC fan motor(s) for a condenser fan or an evaporator
blower (e.g., an Electrically Commutated Motor (ECM),
a Brushless DC Motor (BLDC), etc.), a fuel pump, a drain
tube heater, solenoid valves (e.g., controller pulsed con-
trol valves), etc.

[0024] The power module 112 caninclude a DC power
source (not shown) for providing DC electrical power to
the plurality of DC components (not shown), the power
management unit (not shown), etc. The DC power source
can receive mechanical and/or electrical power from, for
example, a utility power source (e.g., Utility power, etc.),
a prime mover (e.g., a combustion engine such as a die-
sel engine, etc.) coupled with a generator machine (e.g.,
a belt-driven alternator, a direct drive generator, etc.),
etc. For example, in some embodiments, mechanical en-
ergy generated by a diesel engine is converted into elec-
trical energy via a generator machine. The electrical en-
ergy generated via the belt driven alternator is then con-
verted into DC electrical power via, for example, a bi-
directional voltage converter. The bi-directional voltage
converter can be a bi-directional multi-battery voltage
converter.

[0025] The internal space 150 can be divided into a
plurality of zones 152. The term "zone" means a part of
an area of the internal space 150 separated by walls 175.
It will be appreciated that the invention disclosed herein
can also be used in a single zone TRS.

[0026] The MTRS 100forthe TU 125includes the TRU
110 and a plurality of remote evaporator units 180. The
MTRS 101 includes a host unit 111 provided within the
TRU 110 for providing climate control within the first zone
152a and a plurality of remote units 180 disposed in the
TU 125. Namely a first remote unit 180a is disposed in
the second zone 152b and a second remote unit 180b is
disposed in the third zone 152c. The host unit 111 and
the remote units 180 are collectively herein referred to
as heat exchange units.
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[0027] In some embodiments, each remote unit 180a,
180b can be fluidly connected to the host unit 111. The
host unit 111 and each remote unit 180a, 180b may in-
clude one or more heat exchangers (e.g., evaporator(s)),
one or more fan(s) for providing climate control within the
particular zone the heat exchanger unit is located, one
or more flow regulating devices (e.g., solenoid valve(s),
etc.) for controlling the amount of refrigerant flow into the
heat exchanger unit, and one or more throttling devices
(e.g., electronic throttling valve(s), etc.) for controlling the
amount of refrigerant flow available to a suction end of
the compressor of the MTRS 100. The heat exchange
units (e.g., the host unit 111 and each of the remote units
180) can operate in a plurality of operational modes (e.g.,
a NULL mode, a running NULL mode, a COOL mode, a
HEAT mode, a DEFROST mode, alow fan speed mode,
a high fan speed mode, a high engine speed mode, a
low engine speed mode, etc.).

[0028] In some embodiments, an HVAC system can
be powered by an Auxiliary Power Unit (APU, see Fig.
1B). The APU can be operated when a main prime mover
of the TU 125 is turned off such as, for example, when a
driver parks the TU 125 for an extended period of time
to rest. The APU can provide, for example, power to op-
erate a secondary HVAC system to provide conditioned
air to a cabin of the TU 125. The APU can also provide
power to operate cabin accessories within the cabin such
as a television, a microwave, a coffee maker, a refriger-
ator, etc. The APU can be a mechanically driven APU
(e.g., prime mover driven) or an electrically driven APU
(e.g., battery driven).

[0029] The tractor includes a vehicle electrical system
for supplying electrical power to the electrical loads of
the tractor, the MTRS 100, and/or the TU 125. In some
embodiments, the MTRS 100 and/or the HVAC system
can include a refrigeration circuit (e.g., the refrigeration
circuit of Figs. 2-6).

[0030] Fig. 1B illustrates a vehicle 10 according to one
embodiment. The vehicle 10 is a semi-tractor that is used
to transport cargo stored in a cargo compartment (e.g.,
a container, a trailer, etc.) to one or more destinations.
Hereinafter, the term "vehicle" shall be used to represent
all such tractors and trucks, and shall not be construed
to limit the invention’s application solely to a tractor in a
tractor-trailer combination. In some embodiments, the
vehicle 10 can be, for example, a straight truck, van, etc.
[0031] The vehicle 10 includes a primary power source
20, a cabin 25 defining a sleeping portion 30 and a driving
portion 35, an APU 40, and a plurality of vehicle acces-
sory components 45 (e.g., electronic communication de-
vices, cabin lights, a primary and/or secondary HVAC
system, primary and/or secondary HVAC fan(s), sun-
shade(s) for a window/windshield of the vehicle 10, cabin
accessories, etc.). The cabin 25 can be accessible via a
driver side door (not shown) and a passenger side door
32. The cabin 25 can include a primary HVAC system
(notshown) that can be configured to provide conditioned
air within driving portion 35 and potentially the entire cab-
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in 25, and a secondary HVAC system (not shown) for
providing conditioned air within the sleeping portion 30
of the cabin 25. The cabin 25 can also include a plurality
of cabin accessories (not shown). Examples of cabin ac-
cessories can include, for example, a refrigerator, a tel-
evision, a video game console, a microwave, device
charging station(s), a continuous positive airway pres-
sure (CPAP) machine, a coffee maker, a secondary
HVAC system for providing conditioned air to the sleep-
ing portion 30. In some embodiments, the primary HVAC
system and/or the secondary HVAC system can include
arefrigeration circuit (e.g., the refrigeration circuit of Figs.
2-6).

[0032] The primary power source 20 can provide suf-
ficient power to operate (e.g., drive) the vehicle 10 and
any of the plurality of vehicle accessory components 45
and cabin accessory components 47. The primary power
source 20 can also provide power to the primary HVAC
system and the secondary HVAC system. In some em-
bodiments, the primary power source can be a prime
mover such as, for example, a combustion engine (e.g.,
a diesel engine, etc.). It will be appreciated that the
source(s) of the power for the compressor may not be
significant, as long as there is sufficient power for the
compressor.

[0033] The APU 40 is a secondary power unit for the
vehicle 10 when the primary power source 20 is unavail-
able. When, for example, the primary power source 20
is unavailable, the APU 40 can be configured to provide
power to one or more of the vehicle accessory compo-
nents, the cabin accessories, the primary HVAC system
andthe secondary HVAC system. Insome embodiments,
the APU 40 can be an electric powered APU. In other
embodiments, the APU 40 can be a prime mover pow-
ered APU. The APU 40 can be attached to the vehicle
10 using any attachment method. In some embodiments,
the APU 40 can be turned on (i.e., activated) or off (i.e.,
deactivated) by an occupant (e.g., driver or passenger)
of the vehicle 10. The APU 40 generally does not provide
sufficient power for operating (e.g., driving) the vehicle
10. The APU 40 can be controlled by an APU controller
41.

[0034] Fig. 1C depicts a temperature-controlled
straight truck 11 that includes a conditioned load space
12 for carrying cargo. A transport refrigeration unit (TRU)
14 is mounted to a front wall 16 of the load space 12.
The TRU 14 is controlled via a controller 15 to provide
temperature control within the load space 12. The truck
11 further includes a vehicle power bay 18, which houses
a truck prime mover 21, such as a combustion engine
(e.g., diesel engine, etc.), that provides power to move
the truck 11. In some embodiments, the truck prime mov-
er 21 can work in combination with an optional machine
22 (e.g., an alternator). The TRU 14 includes a prime
mover 13. In an embodiment, the prime mover 13 can
be a combustion engine (e.g., diesel engine, etc.) to pro-
vide power to the TRU 14. In one embodiment, the TRU
14 includes a vehicle electrical system. Also, in some

10

15

20

25

30

35

40

45

50

55

embodiments, the TRU 14 can be powered by the prime
mover 13 in combination with a battery power source or
by the optional machine 22. In some embodiments, the
TRU 14 can also be powered by the truck prime mover
21 in combination with a battery power source or the op-
tional machine 22. In some embodiments, the TRU 14
can include a refrigeration circuit (e.g., the refrigeration
circuit of Figs. 2-6).

[0035] While Fig. 1C illustrates a temperature-control-
led straight truck 11, it will be appreciated that the em-
bodiments described herein can also apply to any other
type of transport unit including, but not limited to, a con-
tainer (such as a container on a flat car, an intermodal
container, etc.), a box car, or other similar transport unit.
[0036] Figs. 2-6 illustrate schematic views of refriger-
ation circuits (200, 201, 202, 203, and 204), according
to some embodiments. Each refrigeration circuit 200-204
can be a partofa TCCS such as the MTRS 100, the TRU
110 and 14 and/or the HVAC system of Figs. 1A-1C. The
TCCS can include sensors (e.g., temperature, pressure,
humidity, motion, voltage, current, battery status, battery
charging level, or the like) or the TCCS can communicate
with sensors associated or embedded with a cargo. The
controller of the TCCS (e.g., the MTRS controller 170,
the APU controller 41, the controller 15) can obtain data
sensed by the sensors and control the settings of the
components (e.g., refrigerant or lubricant/oil flow control
device, or the like) of the TCCS.

[0037] Controls described herein can be performed by
a controller (e.g., the controller of the transport refriger-
ation unit/system of Figs. 1A and 1C, the controller of the
APU of Fig. 1B, orthe like). The controller (e.g., the MTRS
controller 170, the APU controller 41, the controller 15)
can connect to and control the components of Figs. 2-6
via e.g., wireless or wire connections.

[0038] As shown in Figs. 2 and 3, the refrigeration cir-
cuits 200 and 201 include a compressor 210, acondenser
220 disposed downstream of the compressor 210, a re-
ceiver 230 disposed downstream of the condenser 220,
an expansion device 240 disposed downstream of the
receiver 230, an evaporator 250 disposed downstream
of the expansion device 240, sensors (270, 290), con-
troller(s) (260, 280), and a flow control device 310. The
compressor is disposed downstream of the evaporator
250. The receiver 230 includes aninlet 231 and an outlet
232. The compressor 210 includes a suction port 211
and a discharge port 212.

[0039] It will be appreciated that controller(s) (260,
280) can be a single controller (e.g., the controller of the
transport refrigeration unit/system of Figs. 1A and 1C,
the controller of the APU of Fig. 1B, or the like). Each of
the sensors (270, 290) can be a sensor sensing or meas-
uring one of more of temperature, pressure, humidity,
motion, voltage, current, battery status, battery charging
level, or the like. The sensor 270 is disposed downstream
of the evaporator 250 and upstream of the compressor
210. The sensor 290 is disposed downstream of the com-
pressor 210 and upstream of the condenser 220.
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[0040] The expansion device 240 can be e.g., an ex-
pansion valve, orifice, expander, or the like. The flow con-
trol device 310 can be e.g., a valve, an orifice, a tap, or
the like that can be controlled by a controller to open,
close, or partially open to allow, block, increase, or de-
crease a fluid (e.g., refrigerant or the like) flow. The con-
troller (e.g., 260 or the like) can be configured to control
the opening of the expansion device 240 based on the
parameters (e.g., temperature, pressure, or the like)
sensed or measured by the sensor 270. The controller
(e.g., 280 or the like) can be configured to adjust the
opening of the flow control device 310 based on the pa-
rameters (e.g., discharge temperature, discharge super-
heat, or the like) sensed or measured by the sensor 290
to maintain the parameters at or below a desired or pre-
determined threshold.

[0041] In Fig. 2, the outlet 232 of the receiver 230 is
fluidly connected to the suction port 211 of the compres-
sor 210 via a pipe or the like. The flow control device 310
is disposed downstream of the receiver 230 and up-
stream of the compressor 210. Through control of the
flow control device 310, the refrigerant (e.g., liquid refrig-
erant) directly from the receiver 230 can mix with the
refrigerantfrom the evaporator 250 and flow into the com-
pressor 210 via the suction port 211. The controller (e.g.,
280 or the like) can be configured to adjust the opening
of the flow control device 310 based on the parameters
(e.g., discharge temperature, discharge superheat, or
the like) sensed or measured by the sensor 290 to main-
tain the parameters at or below the desired or predeter-
mined threshold.

[0042] Itwill be appreciated that Fig. 2 provides a liquid
injection (liquid refrigerant directly from the receiver 230
injected to the compressor 210), without a vapor injec-
tion, to the suction port 211 through control of the flow
control device 310. The embodiment can work also for
non-built-in volume ratio compressors, including recipro-
cating compressors. The embodiment can minimize the
discharge temperature, but may reduce capacity of the
compressor.

[0043] In Fig. 3, the outlet 232 of the receiver 230 is
fluidly connected to a liquid injection port 213 of the com-
pressor 210 via a pipe or the like. The flow control device
310 is disposed downstream of the receiver 230 and up-
stream of the compressor 210. The refrigerant (e.g., lig-
uid refrigerant) directly from the receiver 230 can flow
into the compressor 210 via the liquid injection port 213.
The controller (e.g., 280 or the like) can be configured to
adjust the opening of the flow control device 310 based
on the parameters (e.g., discharge temperature, dis-
charge superheat, or the like) sensed or measured by
the sensor 290 to maintain the parameters at or below
the desired or predetermined threshold.

[0044] Itwill be appreciated that Fig. 3 provides a liquid
injection (liquid refrigerant directly from the receiver 230
injected to the compressor 210), without a vapor injec-
tion, to an intermediate port (e.g., the liquid injection port
213) of the compressor through control of the flow control
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device 310. The embodiment can work for built-in volume
ratio compressors or two stage compressors. The em-
bodiment can minimize discharge temperature, and does
not significantly reduce capacity of the compressor (com-
pared with the embodiment of Fig. 2). The embodiment
can work for a compressor without vapor injection.
[0045] In Fig. 4, the refrigeration circuit 202 is similar
to the refrigeration circuit 201 of Fig. 3, except the follow-
ing. As shown in Fig. 4, the condenser includes a con-
densing unit 220 and a sub-cooling unit (or sub-cooler)
320 having an inlet 321 and an outlet 322. The receiver
230 is disposed downstream of the condensing unit 220
and upstream of the sub-cooling unit 320. In an embod-
iment, instead of the outlet 232 of the receiver 230 being
fluidly connected to the intermediate port (e.g., the liquid
injection port 213) and an amount or a flow rate of the
liquid refrigerant directly from the receiver 230 being con-
trolled by the opening of the flow control device 310, the
outlet 322 of the sub-cooling unit 320 is fluidly connected
to the intermediate port (e.g., the liquid injection port 213)
and an amount or a flow rate of the liquid refrigerant di-
rectly from the sub-cooling unit 320 is controlled by the
opening of the flow control device 310. The controller
(e.g., 280 or the like) can be configured to adjust the
opening of the flow control device 310 based on the pa-
rameters (e.g., discharge temperature, discharge super-
heat, or the like) sensed or measured by the sensor 290
to maintain the parameters at or below the desired or
predetermined threshold.

[0046] In Fig. 4, the refrigeration circuit 202 includes
an economizer 330 disposed downstream of the sub-
cooling unit 320 and upstream of the expansion device
240. The economizer 330 includes an inlet 331, a vapor
outlet 332, and a liquid outlet 333. It will be appreciated
that the economizer 330 can be a type of sub-cooler that
uses part of the total refrigerant flow from the condenser
(220, 320) to cool the rest of the refrigerant flow. The
evaporated refrigerant from the vapor outlet 332 can en-
ter the intermediate port 213 of compressor 210 at an
intermediate pressure level. The cold vapor from the va-
por outlet 332 can also be used to provide extra cooling
for the compressor 210. The vapor injection (vapor re-
frigerant from the economizer 330 injected to the com-
pressor 210) and the liquid injection (liquid refrigerant
directly from the receiver 230 or the sub-cooler 320 in-
jected to the compressor 210) can be mixed and share
a same intermediate port 213.

[0047] As shown in Fig. 4, the refrigeration circuit 202
can include a controller 350, an economizer expansion
device 340 connected to another inlet 334 of the econo-
mizer 330, and a sensor 360. The economizer expansion
device 340 can be an expansion valve, orifice, expander,
or the like. It will be appreciated that controller(s) (260,
280, or 350) can be a single controller (e.g., the controller
of the transport refrigeration unit/system of Figs. 1A and
1C, the controller of the APU of Fig. 1B, or the like). The
sensor 360 can be a temperature sensor, a pressure sen-
sor, or the like, disposed downstream of the vapor outlet
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332. The refrigerant entering the inlet 334 can be evap-
orated and flow out of the economizer 330 via the vapor
outlet 332.

[0048] In another embodiment, the flow control device
310 and its corresponding connections can be removed
from the refrigeration circuit 202, and having the econo-
mizer expansion device 340 to be configured to work in
two modes: (1) controlled by the controller to control the
superheat with the sensor 360, and (2) controlled by the
controller to control discharge temperature with a tem-
perature sensor. This mode may also be referred to as
liquid over-feed mode (e.g., a mode of delivering a great-
er rate of liquid refrigerant to the economizer 330 than
the rate that actually evaporates).

[0049] Itwill be appreciated that Fig. 4 provides a liquid
injection (liquid refrigerant directly from the receiver 230
or the sub-cooler 320 injected to the compressor 210)
mixed with a vapor injection (vapor refrigerant from econ-
omizer 330 injected to the compressor 210), or a vapor
injection in a liquid over-feed mode, to a same interme-
diate port 213 of the compressor. The embodiment can
be used for refrigerants (e.g., R404A, R452A, or the like)
where the port area, based on suction dew temperature
and discharge dew temperature, for liquid injection is rel-
atively small and does not represent typical AHRI (Amer-
ican Heating and Refrigeration Institute) and ATP (Agree-
ment on the International Carriage of Perishable Food-
stuffs and on the Special Equipment to be Used for such
Carriage) deep frozen conditions. The embodiment can
minimize discharge temperature, but may reduce vapor
injection mass flow, and therefore reducing sub-cooling
capability of the main evaporator flow (i.e., less refriger-
ation capacity of the evaporator).

[0050] In Fig. 5, the refrigeration circuit 203 is similar
to the refrigeration circuit 202 of Fig. 4, except the follow-
ing. As shown in Fig. 5, the compressor 210 includes a
liquid injection port 213 and a vapor injection port 214
separated from the liquid injection port 213. It will be ap-
preciated that the liquid injection port 213 is closer to the
discharge port 212 (e.g., higher in the compression
chamber, or later in the compression process) than the
vapor injection port 214. It will also be appreciated that
the liquid injection port 213 may be as high as possible
in the compression chamber (e.g., just below the dis-
charge port), to prevent too much pressure drop. Also,
in addition to liquid refrigerant directly from the receiver
230 (arrow "a") or liquid refrigerant (e.g., sub-cooled lig-
uid) directly from the sub-cooler 320 (arrow "b"), liquid
refrigerant can be directly from the liquid outlet 333 of
the economizer 330 (arrow "c"). The controller (e.g., 280,
350, or the like) can be configured to simultaneously con-
trol the liquid injection by e.g., adjusting the opening of
the flow control device 310, and the vapor injection by
e.g., adjusting the opening of the economizer expansion
device 340, based on the parameters (e.g., discharge
temperature, discharge superheat, or the like) sensed or
measured by the sensor 290 and/or sensor 360, to main-
tain the parameters at or below the desired or predeter-
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mined threshold.

[0051] In Fig. 6, the refrigeration circuit 204 is similar
to the refrigeration circuit 203 of Fig. 5, except the follow-
ing. As shown in Fig. 6, the refrigeration circuit 204 in-
cludes an oil separator 370 disposed downstream of the
compressor 210 and upstream of the condensing unit
220. The oil separator 370 can be configured to separate
the liquid oil (e.g., lubricant, refrigerant, or the like) from
the vapor (e.g., refrigerant, orthe like). Inan embodiment,
the oil separator 370 may need a heater during start up.
The oil separator 370 includes an inlet 371, aliquid outlet
372, and a vapor outlet 373. The liquid outlet 372 can
connect to the liquid injection port 213. An opening of the
flow control device 390 (e.g., a valve, an orifice, a tap, or
the like) can be adjusted (e.g., by the controller) to control
an amount or a flow rate of the liquid from the liquid outlet
372 to the liquid injection port 213. In such embodiment,
the liquid injection port 213 can also be used as an oil
return port to receive oil from the oil separator 370.
[0052] The refrigeration circuit 204 can also include a
sensor 380 disposed downstream of the oil separator
370 and upstream of the condensing unit 220. In an em-
bodiment, the sensor 380 can be an alternative sensor
to the sensor 290. The refrigeration circuit 204 can also
include a sensor 440 configured to sense or measure an
oil level of a discharge sump (not shown) of the compres-
sor 210. The refrigeration circuit 204 can further include
a sensor 430 configured to sense or measure an oil level
of a suction sump (not shown) of the compressor 210.
[0053] The embodiment can work for scroll compres-
sors with discharge and suction sumps. In an embodi-
ment, the sump of the compressor can be on either the
suction side or the discharge side. In the application
where the compressor 210 has a suction sump, an ad-
ditional connection (from the flow control device 390 to
the suction sump, through a control of a flow control de-
vice 410 (e.g., a valve, an orifice, a tap, or the like) by a
controller 420) may be used for oil supply from the oil
separator 370 to the suction sump, to maintain an oil level
in the suction sump at or above a desired or predeter-
mined level. It will be appreciated that controller(s) (260,
280, 350, or 420) can be a single controller (e.g., the
controller of the transport refrigeration unit/system of
Figs. 1A and 1C, the controller of the APU of Fig. 1B, or
the like).

[0054] The embodiments of Figs. 5 and 6 provide a
simultaneous control of vapor injection and liquid injec-
tion. The embodiments can be used for A2L refrigerants
(e.g., R454A, R454C, or the like) because such refriger-
ants typically run with a higher discharge temperature
due to higher heat of compression compared to refriger-
ants such as R404A, R452A, or the like. It will be appre-
ciated thatthe portarea (see Fig. 7), based on the suction
dew temperature and the discharge dew temperature,
where liquid injection is needed, may be significantly larg-
er for the A2L refrigerants compared to refrigerants such
as R404A, R452A, or the like.

[0055] Embodiments disclosed herein can help to
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maintain a discharge temperature below a desired
threshold level. Embodiments disclosed herein can also
prevent reduced vapor injection mass flow and thus pre-
vent reduction of sub-cooling capability of the refrigerant
flowing through the evaporator which can result in re-
duced refrigeration capacity of the evaporator. Embodi-
ments disclosed herein can further help to achieve as
wide a compressor operating envelope as possible within
the mechanical design limits or applicable standards.
[0056] In an embodiment, the compressor 210 can
have an overall built-in volume ratio, which can be the
volume of the groove(s) (or flute(s), e.g., scroll flute(s),
scroll valley(s), or the like) when closing to suction, di-
vided by the volume of the groove(s) when the groove(s)
are opening to discharge, in the range of 2.3 to 3.5. It will
be appreciated that the overall built-in volume ratio can
be the geometric ratio of suction volume at the closure
of the suction pocket divided by the volume of the final
compression pocket at the initiation of the discharge
process. In such embodiment, a volume ratio of the vapor
injection port 214, which can be the built-in volume ratio
of the groove(s), when the vapor injection port is in the
middle of the groove(s), can be in the range of 1.05 to
1.5 or 1.1 to 1.5. In such embodiments, a volume ratio
of the liquid injection port 213, which can be the built-in
volume ratio of the groove(s) when the liquid injection
port is in the middle of the groove(s), can be in the range
of 1.4to 1.6 or 1.25to 1.75. In an embodiment, the com-
pressor’s overall average built-in volume ratio can be 2.4,
the average built-in volume ratio for the vapor injection
port can be 1.1, and the average built-in volume ratio for
a liquid injection port separated from the vapor injection
port can be 1.5.

[0057] In anembodiment, itis desirable that the vapor
injection port 214 is never communicating with a groove
(e.g., aflute, a scroll flute, a scroll valley, or the like) that
is communicating with the suction port 211. In an em-
bodiment, it is desirable that the liquid injection port 213
is never communicating with a groove that is communi-
cating with a groove thatis communicating with the vapor
injection port 214. In an embodiment, it is desirable that
the liquid injection port 213 is never communicating with
a groove that is communicating with the discharge port
212.

[0058] Fig. 7 illustrates volume curves 700 of the com-
pressor 210 of Figs. 5 and 6, according to an embodi-
ment. The vertical coordinate can be the chamber volume
(e.g., in the unit of cubic meter) of the compressor 210.
The horizontal coordinate can be the drive angle of the
compressor 210. It will be appreciated that the phrase
"driveshaft" may refer to a component for transmitting
mechanical power and torque and rotation. The phrase
"drive angle" may refer to an operating angle of the drive-
shaft of the compressor 210.

[0059] InFig. 7, the area covered by the volume curve
710 is the compression chamber volume. On the volume
curve 710, 702 indicates volume at suction close, 704
indicates volume at middle of vapor injection, 706 indi-

10

15

20

25

30

35

40

45

50

55

cates volume at middle of liquid injection, and 708 indi-
cates volume at beginning of discharge. The area cov-
ered by the volume curve 720 is the suction port area or
volume. The area covered by the volume curve 730 is
the vapor injection port area or volume. The area covered
by the volume curve 740 is the liquid injection port area
or volume. The area covered by the volume curve 750
is the discharge portarea or volume. It will be appreciated
that the height of the liquid injection port and the height
of the vaporinjection port are configured so that the areas
(720, 730, 740 and 750) have no or least overlap, to max-
imize compression efficiency, and/or to reduce internal
compression leakage.

[0060] Fig. 8 illustrates a pressure-enthalpy diagram
(e.g., a log P/h diagram) 800 of a compressor having a
liquid injection port, according to an embodiment. The
vertical coordinate can be the logarithmical pressure
(e.g., inthe unit of pascal). The horizontal coordinate can
be the enthalpy (e.g., in the unit of kcal/kg). The log P/h
diagram curve 810 shows that Aha is less than Ahb (as-
suming AhA is equal to AhB), and thus it can be more
advantageous to inject liquid later in the compression
process.

[0061] Fig. 9 is a flow chart illustrating a method 900
for simultaneous vapor and liquid injection control for a
transport climate control system (e.g., the MTRS 100,
the TRU 110 and 14, the HVAC system shown in Figs.
1A-1C, etc.) to, for example, maintain a desired dis-
charge temperature, according to an embodiment. The
method 900 can be used in conjunction with any of the
refrigeration circuits 200-204 shown in Figs. 2-6.

[0062] It will be appreciated that the method 900 dis-
closed herein can be conducted by a controller (e.g., the
controller of the transport refrigeration unit/system of
Figs. 1A and 1C, the controller of the APU of Fig. 1B, or
any suitable processor(s)), unless otherwise specified.
The controller can include a processor, memory, and/or
communication ports to communicate with e.g., other
components of the TCCS or with equipment or systems
located in proximity to the TCCS or a cargo load. The
controller can communicate with other components using
e.g., powerline communications, Pulse Width Modulation
(PWM) communications, Local Interconnect Network
(LIN) communications, Controller Area Network (CAN)
communications, etc., and using any suitable communi-
cations including wired and/or wireless, analog and/or
digital communications. In an embodiment, the commu-
nication can include communications over telematics of
the TCCS, which the TCCS may include or which may
be communicatively connected to the TCCS (e.g.,
telematics equipment, mobile phone, vehicle communi-
cation system, etc.). The TCCS can include sensors
(e.g., temperature, pressure, humidity, motion, voltage,
current, battery status, battery charging level, or the like)
or the TCCS can communicate with sensors associated
or embedded with a cargo. The controller can obtain data
sensed by the sensors and control the settings of the
components (e.g., the flow control devices or the like) of
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the TCCS.

[0063] It will also be appreciated that the method 900
can include one or more operations, actions, or functions
depicted by one or more blocks. Although illustrated as
discrete blocks, various blocks may be divided into ad-
ditional blocks, combined into fewer blocks, or eliminat-
ed, depending on the desired implementation. The meth-
od 900 begins at 910.

[0064] At910, the controller is configured to determine
a parameter (e.g., a heat of compression, a Cp/Cv ratio
or a heat capacity ratio, a discharge temperature, and/or
a discharge superheat). The parameter can be either di-
rectly sensed or measured by sensor(s) or determined
by the controller using the sensed or measured data. If
the parameter is at or below a desired or predetermined
threshold, the methods 900 loops back to 910. If the pa-
rameteris above the desired or predetermined threshold,
the methods 900 proceeds to 920.

[0065] At 920, the controller is configured to simulta-
neously control the vapor injection and the liquid injection
(see Figs. 5 and 6). The simultaneous control includes
the control of one or more of the flow control devices
(310, 340, 390, or the like) to adjust an amount or a flow
rate of the vapor and/or liquid injecting into the compres-
sor, to reduce or maintain the parameter (see step 910)
at or below the desired or predetermined threshold. In
an embodiment, the simultaneously control can include
the control of one or more of the flow control devices
(390, 410, or the like) to maintain an oil level in the suction
sump at or above a desired or predetermined level. In
such embodiment, 910 may include a step of the control-
ler determining an oil level of the suction sump. If the oil
level of the suction sump is at or above the desired or
predetermined level, no actions may be taken (i.e., loop-
ing back to 910 itself). If the oil level of the suction sump
is below the desired or predetermined level, the method
proceeds from 910 to 920, and at 920 the controller can
control the one or more of the flow control devices (390,
410, or the like) to adjust an amount or a flow rate of
return oil to maintain the oil level in the suction sump at
or above a desired or predetermined level. The methods
900 then proceeds from 920 back to 910.

[0066] Accordingly, the method 900 can maintain the
discharge temperature below a desired threshold level.
Accordingly, the method 900 can prevent reduced vapor
injection mass flow and thus prevent reduction of sub-
cooling capability of the refrigerant flowing through the
evaporator which can result in reduced refrigeration ca-
pacity of the evaporator. Embodiments disclosed herein
can also help to achieve as wide a compressor operating
envelope as possible within the mechanical design limits
or applicable standards.

Aspects:
[0067] It is appreciated that any one of aspects 1-10

and 11-20 can be combined.
[0068] Aspect 1. A transport climate control system
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with simultaneous vapor and liquid injection, comprising:

acompressor, a condenser having a condensing unit
and a sub-cooling unit, a receiver, an economizer
having a vapor outlet and a liquid outlet, a controller,
and a flow control device,

wherein the receiver is disposed downstream of the
condensing unit and upstream of the sub-cooling
unit, the economizer is disposed downstream of the
sub-cooling unit,

the compressor includes a suction port, a vapor in-
jection port connected to the vapor outlet of the econ-
omizer, and a liquid injection port separated from the
vapor injection port,

the controller is configured to control the flow control
device to adjust an amount of liquid refrigerant into
the liquid injection port to maintain a discharge tem-
perature of the compressor at or below a threshold.

[0069] Aspect 2. The system according to aspect 1,
wherein the liquid injection portis not communicating with
a flute of the compressor that is communicating with a
flute of the compressor that is communicating with the
vapor injection port.

[0070] Aspect 3. The system according to aspect 1 or
aspect 2, wherein the liquid injection port is not commu-
nicating with a flute of the compressor that is communi-
cating with a discharge port of the compressor.

[0071] Aspect 4. The system according to any one of
aspects 1-3, wherein the vapor injection port is not com-
municating with a flute of the compressor that is commu-
nicating with the suction port.

[0072] Aspect 5. The system according to any one of
aspects 1-4, wherein the liquid injection port is connected
to an outlet of the sub-cooling unit, the flow control device
is disposed downstream of the outlet of the sub-cooling
unit and upstream of the compressor.

[0073] Aspect 6. The system according to any one of
aspects 1-4, wherein the liquid injection port is connected
to an outlet of the receiver, the flow control device is dis-
posed downstream of the outlet of the receiver and up-
stream of the compressor.

[0074] Aspect 7. The system according to any one of
aspects 1-4, wherein the liquid injection port is connected
to the liquid outlet of the economizer, the flow control
device is disposed downstream of the liquid outlet of the
economizer and upstream of the compressor.

[0075] Aspect 8. The system according to any one of
aspects 1-7, further comprising an oil separator disposed
downstream of the compressor and upstream of the con-
densing unit.

[0076] Aspect 9. The system according to aspect 8,
wherein the oil separator includes a liquid outlet and a
vapor outlet, the liquid outlet of the oil separator is con-
nected to the liquid injection port.

[0077] Aspect 10. The system according to aspect 8,
wherein the oil separator includes a liquid outlet and a
vapor outlet, the liquid outlet of the oil separator is con-
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nected to a suction sump of the compressor.

[0078] Aspect 11. A method for simultaneous vapor
and liquid injection control for a transport climate control
system, the system including a compressor, a condenser
having a condensing unit and a sub-cooling unit, a re-
ceiver, an economizer having a vapor outlet and a liquid
outlet, a controller, and a flow control device, wherein the
receiver is disposed downstream of the condensing unit
and upstream of the sub-cooling unit, the economizer is
disposed downstream of the sub-cooling unit; the com-
pressor includes a suction port, a vapor injection port
connected to the vapor outlet of the economizer, and a
liquid injection port separated from the vapor injection
port, the method comprising:

controlling the flow control device to adjust an
amount of liquid refrigerant into the liquid injection
port; and

maintaining a discharge temperature of the com-
pressor at or below a threshold.

[0079] Aspect 12. The method according to aspect 11,
wherein the liquid injection portis not communicating with
a flute of the compressor that is communicating with a
flute of the compressor that is communicating with the
vapor injection port.

[0080] Aspect 13. The method according to aspect 11
or aspect 12, wherein the liquid injection port is not com-
municating with a flute of the compressor that is commu-
nicating with a discharge port of the compressor.
[0081] Aspect 14. The method according to any one
of aspects 11-13, wherein the vapor injection port is not
communicating with a flute of the compressor thatis com-
municating with the suction port.

[0082] Aspect 15. The method according to any one
of aspects 11-14, wherein the liquid injection port is con-
nected to an outlet of the sub-cooling unit, the flow control
device is disposed downstream of the outlet of the sub-
cooling unit and upstream of the compressor.

[0083] Aspect 16. The method according to any one
of aspects 11-14, wherein the liquid injection port is con-
nected to an outlet of the receiver, the flow control device
is disposed downstream of the outlet of the receiver and
upstream of the compressor.

[0084] Aspect 17. The method according to any one
of aspects 11-14, wherein the liquid injection port is con-
nected to the liquid outlet of the economizer, the flow
control device is disposed downstream of the liquid outlet
of the economizer and upstream of the compressor.
[0085] Aspect 18. The method according to any one
of aspects 11-17, wherein the transport climate control
system further includes an oil separator disposed down-
stream of the compressor and upstream of the condens-
ing unit.

[0086] Aspect 19. The method according to aspect 18,
wherein the oil separator includes a liquid outlet and a
vapor outlet, the liquid outlet of the oil separator is con-
nected to the liquid injection port.
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[0087] Aspect 20. The method according to aspect 18,
wherein the oil separator includes a liquid outlet and a
vapor outlet, the liquid outlet of the oil separator is con-
nected to a suction sump of the compressor.

[0088] The terminology used in this specification is in-
tended to describe particular embodiments and is not
intended to be limiting. The terms "a," "an," and "the"
include the plural forms as well, unless clearly indicated
otherwise. The terms "comprises" and/or "comprising,"
when used in this specification, specify the presence of
the stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, and/or components.
[0089] With regard to the preceding description, itis to
be understood that changes may be made in detail, es-
pecially in matters of the construction materials employed
and the shape, size, and arrangement of parts without
departing from the scope of the present disclosure. This
specification and the embodiments described are exem-
plary only, with the true scope and spirit of the disclosure
being indicated by the claims that follow.

Claims

1. A transport climate control system for simultaneous
vapor and liquid injection, comprising:

a compressor (210), a condenser (220) having
a condensing unit and a sub-cooling unit (320),
a receiver (230), an economizer (330) having a
vapor outlet (332) and a liquid outlet (333), a
controller (260 280, 350, 420), and a flow control
device (310),

wherein the receiver (230) is disposed down-
stream of the condensing unit and upstream of
the sub-cooling unit, the economizer is disposed
downstream of the sub-cooling unit,

the compressor includes a suction port (211), a
vapor injection port (214) connected to the vapor
outlet of the economizer, and a liquid injection
port (213) separated from the vapor injection
port,

the controller is configured to control the flow
control device to adjust an amount of liquid re-
frigerant into the liquid injection port to maintain
a discharge temperature of the compressor at
or below a threshold.

2. The system according to claim 1, wherein the liquid
injection port is not communicating with any flute of
the compressor that is communicating with a flute of
the compressor that is communicating with the vapor
injection port.

3. The system according to claim 1 or 2, wherein the
liquid injection port is not communicating with any
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flute of the compressor that is communicating with
a discharge port of the compressor.

The system according to any preceding claim,
wherein the vapor injection port is not communicat-
ing with any flute of the compressor that is commu-
nicating with the suction port.

The system according to any preceding claim,
wherein the liquid injection port is connected to an
outlet (322) of the sub-cooling unit (320), the flow
control device is disposed downstream of the outlet
of the sub-cooling unit and upstream of the compres-
sor; or

wherein the liquid injection port is connected to
an outlet (232) of the receiver, the flow control
device is disposed downstream of the outlet of
the receiver and upstream of the compressor; or
wherein the liquid injection port is connected to
the liquid outlet of the economizer, the flow con-
trol device is disposed downstream of the liquid
outlet of the economizer and upstream of the
COMpressor.

The system according to any preceding claim, further
comprising an oil separator (370) disposed down-
stream of the compressor and upstream of the con-
densing unit.

The system according to claim 6, wherein the oil sep-
aratorincludes a liquid outlet (372) and a vapor outlet
(373), and:

wherein the liquid outlet of the oil separator is
connected to the liquid injection port; or

wherein the liquid outlet of the oil separator is
connected to a suction sump of the compressor.

A method for simultaneous vapor and liquid injection
control for a transport climate control system, the
system including a compressor (210), a condenser
(220) having a condensing unit and a sub-cooling
unit (320), a receiver (230), an economizer (330)
having a vapor outlet (332) and a liquid outlet (333),
a controller (260, 280, 350, 420), and a flow control
device (310), wherein the receiveris disposed down-
stream of the condensing unit and upstream of the
sub-cooling unit, the economizer is disposed down-
stream of the sub-cooling unit; the compressor in-
cludes a suction port (211), a vapor injection port
(214) connected to the vapor outlet of the economiz-
er, and a liquid injection port (213) separated from
the vapor injection port, the method comprising:

controlling the flow control device to adjust an
amount of liquid refrigerant into the liquid injec-
tion port; and
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maintaining a discharge temperature of the
compressor at or below a threshold.

The method according to claim 8, wherein the liquid
injection port is not communicating with any flute of
the compressor that is communicating with a flute of
the compressor that is communicating with the vapor
injection port.

The method according to any one of claims 8-9,
wherein the liquid injection portis not communicating
with any flute of the compressor that is communicat-
ing with a discharge port of the compressor.

The method according to any one of claims 8-10,
wherein the vapor injection port is not communicat-
ing with any flute of the compressor that is commu-
nicating with the suction port.

The method according to any of one claims 8-11,
wherein the liquid injection port is connected to an
outlet (322) of the sub-cooling unit (320), the flow
control device is disposed downstream of the outlet
of the sub-cooling unit and upstream of the compres-
sor; or

wherein the liquid injection port is connected to
an outlet (232) of the receiver, the flow control
device is disposed downstream of the outlet of
the receiver and upstream of the compressor; or
wherein the liquid injection port is connected to
the liquid outlet of the economizer, the flow con-
trol device is disposed downstream of the liquid
outlet of the economizer and upstream of the
compressor.

The method according to any one of claims 8-12,
wherein the transport climate control system further
includes an oil separator (370) disposed down-
stream of the compressor and upstream of the con-
densing unit.

The method according to claim 13, wherein the oil
separator includes a liquid outlet (372) and a vapor
outlet (373), and:

wherein the liquid outlet of the oil separator is
connected to the liquid injection port; or

wherein the liquid outlet of the oil separator is
connected to a suction sump of the compressor.
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Fig. 8
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